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JLE SVELLILG OF ACTIVATUD CFARCOAL

P.N. Pawlow (Odessa)

kolloid Zeitochrift 42, 112-9 (1927)

Translsated by

J.C. Arnell; Defence Research Chemicael Laboratories » Ottawa, Cenade

. 1
A. Frcm the excelient research o2 Dora Schmidi~Welber it is knowm

{1) Dora Schmidt-Walter, Koli.-Zeitschr, b, 2k2 {1914},

that ectivated charcoal wisorba acebic acid Lfrom solutions in benzene end
toluene ir accord wlth & curve thaﬁ' hes & mayimom ernd a minimam. The

retatcionship bebween the adsorpticn and svwelling isothermy for hide end

celivlose; which &lso show maxime end minlwa on the curves,; vas esteblishced

by the vriter.a This led the wribter vo the opinion that the shepe of ths

{2) P.N. Pawlow, Koll.-Zeitscnr. 40, 73 (1926).

adsorption curve of Dore Schmidi-Welter was also related to the shape of

$he zwelling cucrve., In the gresent paper experimsnts ave discussed which were

vezed on a study of the cepacity of chsrccals to swell in pure solvenlts and

solutious.,

&, The magnitude of the swelling wes meesured using the volumeiric
rethod with test tubes 7-8 mm. diameter cad 15 om. long. By careful

calibration a group of vest Tubes with equel dicmeters were ascembled. The

lover part of the test tubes were snecielly calilbrated to."the level of the
proposed height of the charcoel mess, The fosteot anld most coaverient

wztaod of removing the air occluded in the charcoal wos o5 follouss

a vieighed quantity wes distributed over the inside walls of the test tube

aod; with the tube inclined, the liquid wes woured in very slovly inan -

i
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attempt to wet the charcoel layer lying asgeinst the glasa. TFive cc, of
liguid were poured in each time. After the liquid bed infused, the test
tube was held upright and the smoll bubbles of air were expelled by tapping
tha botiom and the e:idea wi"bb. the fingexs., The test tubes were tightly
corked apd energetically shaken to bree;.k up any smwall luwups of charccal.
Then the charcoal mass waes stirred by air bubbles end the repeated
votetion of the tubes, After the alr had been removed the tizhtly corked
test tubes were allowed 1o stand urdisturbed, The escepe of air from the
charcoal sometimes continued for sever?.l days. A very convenient method
for the removal of small sir bubbles from the chercoal mass was, in
addition to tapping the bot"coﬁ of the tube, the repid rctation of the
test tube to left and xight about the vertleel axis. Tapping with the
Pingers on the bottom of the test tube for the purpose of control should
rot be discontinued vhile the infusion of the chercoal is corntinued, in
order that the complete removal of the air from the swollen 1mess oceurs.
The height of the charcoel column was measured et chosen time intervals,
usually daily. As the column becems shorter with time end its height
during vhe Lirsh hours efter shaking wese dependent in large measure on
the sedimentetion rate of fho particles; the measurement ves not mede
until one day lster. The charcoal perticles edhering %o the stopper and
the upper part of the test btubs were weshed dovm with liquid, ofier the
charcoal mass hed settled a little., The agitation and cuvbscquent measure-
n2nt of the height was repeated several tigmes unbil £ipslily only the
reproducidle heighto were recorded, In order to determine a swelling
curve, 8 series of test tubes wes set up similtaneously. The room
temperature at which the experiment was cerried out was 13-15°C. ard the
following types of charcoal were used:
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N.2 gn. animal chexcoal A
tenzene 4+ acobie seid
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1. Grophite, Kahlbsum preparation, which was pulverized
in & small electrically driven agate mill,
2. Kahlbzum cane svger charccal,
3+ Kehlboum snimel charcoal, and
i, X end X (Milteermedikementendirektion) animal charcosl.

This will be referred to as Animal charcosl A.

T. Swelling of Chercoal in Penzere and Toluena Solutions of Acetis Acid

fut

°

ox§

The resulis of the charcosl sweiling are given in Table I snd

igure X,

Table T

0.5 gm. cane suger charceoal
benzene + acetic acid

0.3 gm. animal charcoal »
toluene + acetic acid

Helght of coomy

Percent Feight of char, Percent Height of cher. Percent

AcCE in 100mie colurma in AcOH in 100zm. coclum in mn, AcOH in 100gm, oolum inm
=iybure afeor 946 hrs, pixture efter 168 hrs. mixture efter Ui

o il 0 33 0 58

0.3 L7 063 37 0.24 67

2 4o 2 36 0.1:8 6t

5 3 s 32 0.9 60

b5 33 5 31 0 52

&0 32 30 29 20 -50

70 32 45 28 35 L9

&5 32.2 7O 27 50 L7

SO 32.9 Se 26.5 T0 L5

100 33 100 26 80 L7

95 47.5
100 50

it
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The magoitude of the swelling of the charcoel in these solutions
appesred as & function of the acid concentraticn. Ar;imal charcoal A bed
& svelling maximum end minimum in both benzene end toluene solution. Swelling
maxima were seen at very small acetic acid concentrasions. The swelling of the
cane sugar charceoal was considersbly smaller thaen thet of the animel charcoal,
The time intervale in the teble indicate the vime of the last reading aftexr
the last agitation.

II. BSwelling of Charcosl in Agueous Acid and Alkeli Solution

1, The Kahlbaum enimal charcoel hes been tested for swelling in
acetic acid and sodlum hydroxide solutions. The results are given in Teble II
and Figure 2.

Tgble TI

0.4 gn. Kahibaum enimnl chercoel

Water 4 acetic acid : Water + sodiuwm hydroxide
Percent . Height of chax, Normality Belght of cker.
AcOH in 100 gm. column in mm,. of NaCH column in mm.
mixture after 168 hrs, solution after 168 hre.
0 66 - 0 ()
0.02 65 1/2000 6
2 61 N/600 65
6 59 §/40G &k
100 45 N/200 62
5/50 55
/10 5645
&1/10 57
. in 58

In eddition to the acetic acid concentrations given in the
foregoing table, others between 0.02 and 2 percent were exemined in the

hope that a swellirg maxinum ard minirmm might be found. AL & concentration
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of about 0.1 percent a svelling minirum was indicated which however could
not be fited conclusively because of a lack of charcoel and esccordingly the
concentration could not be established definitely. I the alksli medium &

distinst swelling minimm can be scen ab on initlal concentration of §/50.

2. The cane Sugar charccel wes elso investigated in acetic acid and
sodium bydroxide solutions. The resulic are ylven in Table III ernd Flgure 2.

Table IIX
0.7 gn. cane sugar charceal

Weter + acebic acid Vlater ¢ sodivm hydroxzide

Percent Height of cher, Normality Eeloht of chor,-
AcOH in 100 gm. colum in ¥z, of WaOH column in =2,
rixbure after 120 hrs. solution efter 120 brs,
0 37 0 37
0.1 36.5 11/600 37
0.2 35.5 5/200 36
0.33 . 35.3 /50 35.5
2 3k 1§/10 35.5
& 33.5 65§/10 37
16.8 32 in 38
Lo 32
) 32
S0 32
100 32

The swelling of the cane suger charcoel was very much less than
thet of the animal charcoal. This elsc &. oved two minirx: <he one fourd
in the alkeline medium at an initiel ccv  retion between /50 aad N/10
cad %he other in acid medium in the regilon of cr inltici concentration
below 0.1 vorcent. The latber minimum wes specially studied and will be
described further in the following section.

R -
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3. The third type of charcoal - the strongly swelling Animal charcoal A -

was elso iInvestigebed in acetic acid and sodium hydroxide solutions. The
resuwlis in acid solutions ere given in Table IV and Figure 2.

Table IV

0.2 gn. Animal charceal A
Percent AcOH in Height of char. columm
100 gm. mixture in m. after 240 hrs,

k5
59
55
39
38
36
36
35
34
3k
34
33

8888535mm900
e

=

In addition to the concentratlions listed in Teble IV, 0.033 and
0.05 percent solutions were also stvdied. In these two solutions, just as
in pure water, the chorcosl Lormed ro sediment at the bottom of the test tube,
but accumuleted in the uppor part of the liquid-like cork. In the 0,1 and
0.4 percent solutions the charcoal remained in the upper rart of the test
tube for several days and only afver a very long intervel formed a sediment.
In the teble the helght indicated was obioined after ten days when the
charcoal had begun to settle to the bottom. In the two percent and stronger
solubions the charcoal setitled following infusion and light shaking. 'The

height ~ote in pura water (45 mm.) was thickuess of ibe chorcoal floating
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in the upper paxrt of *he test tube, With the 0.033 and 0.05 rarcent copncen-
traticns the thickoess of the flonting charcoal wa3 considersbly greater

%ean 45 rm. .

As the table shows the swelling curva of senlmel charcoel A has
& paximum at a very szall concentratlon of acetic acid. The experiment to
measure the swelling ninimum and the iscelectric point gave re definitive
resulte in dllute solutions because”oi“ the upward streaming of the chercoal.

In sodium hydroxide solutions the animel charcosl A did not
settle completely: in the N/60O eaayrx/aoo solutions the total quantity
accwmulated in the upper part of ’che:liquid, while in the N/200,- N/:SO, N/lO
end N/1 colutions a part of the materisl was on the bobtom and the rest at
the top llke cork. The swelling curve ipn alkasll solution epparently also

bad & raxinum,.

III. The Isoelcctric Point of Activated Charcoal

L. Two methods were uvsed to determine the isoelectric yroint of the
charcoal: (e) The pH of the solution was determined after a reverssl of
the dixection of electroemlosz:csis3 (or electrophoresis), and (b) The pH

(3) ILeovor Michoells, Die Wasserstoffloncnkonzentration, T.l., 224 (1922).

o the scoluiion was ziaosured, the megnituvde of which was not altered by the

, . B
“recabmant vwih charececd.

(¢} Fens Eobn, Blockem. Zeibscchr. 178, E. 1/3, 119 (1926).

The swelling capaclty of charcoal found by the writer showed the
Po5sibllity of the application of a third method, which i3 usually used
with evelling gels, and essunes that the isoelectric point occurs at the
come solution pi as gilves a mininmum of swelling of the chsrcoal.
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In the preceding section reference was mode to the fact that

animal charcoal and Kehlbaum cane sugar charcoal showed $wo isoelectric
points, one in acid and the other in alkali solution.

With animal charcoal only the alkeli voint was determined at an
initial concentretion of N/ 50. 1If the adsorption of the hydroxyl radicals
was considered, & pH of 12-12.5 was obtained in the solubion in contact with
the chercoal. The acld point could rot be determined sccurately because
of the Jack of material.

2. ¥ith cane sugar charcoal both points were determined more or less
accurately. In elkeline medium the isoelectric polnt wes reached at a
X/50~-8/10 concentration of the initiel solution. For a solution which had
the charcoal in equilibrium the pi eppears egual. to 12-12.5. Thus the iso-
clectric points of aninsl charcoal and cane sugar chercoal were coincldentel

or neerly 80.

Frelininary experiments ln ecid medium inllecabted the presence of
an isoelcctric point in solubions under 0,1 percent. Systematlce experiments
were wnderteken with o buffer solutlon consisting of ecetlc acid and scdium
ocetate. IT/10 acetic ecid and N/10 scdium acetate were used as the starting
solutions. Tac ccxbinpetions of the solubions and the magnitudes of swelling
in them arc given in Teble V.

0.8 gm. charcool wes pleced in & very cerefully celibrated test
tube and moistcned with 5 cc. of o ouiteble mixture, The liberation of
enall aix budbles on cecouns of Lk large guantity of charcoal in the narrow
test tube was corricd out for several doys by tapping and twning the tube,
With the groducl disaprecrcance of The g2s evolution the picture of the minimum
ond mosimea of the swelling became ever clearer, After the evolution had
cecsed (aboub four deys after charging), the contents of the test tube were

ecoin shoken hord end the charcoal alloved to stand to settle guietly.
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Tgble V

0.8 gm. cane sugar charcoal + 5 cec. solution

Height of char, PE ol
colurn in nm. final
efter 120 hrs, soln.,

43

ho.5

k1

k0,5 Minimum 8.3
Ly

k1.5

ko

43

43.5

ko

No. of Corposition of solution (ce.}
pola., EQ 1/10 AcOX  N/10 AcOHa

[
¥

3
W =]
W
[ ]
\n

OCD’\O}-J\!%NO’JSD@\J\
2
v

OW -1 ;w1 Fw P
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It can be seen in Toble V that the swelling minimm occurred with
Solution No. %. In this case the test tube contained %00 small a quansity
of liguid for & pH determination, so this was done Iin a speclal edsorption
exp.er:?.men"a. Eigat grams of charcoal. were sheken in a small flesk and moistened
with 50 ce. of Solubion No. ¥. After shaking the contents, the flask was held
b 11-22°C. for 120 hours. The liquid was put through & paper £ilter and the
Firgt porsion of the filtrate discarded. The pH values for both the starbing
soluticn (Ko, %) and the final solution were determined electrometrically.
RN giarting solution = 4.8; the isoelectric point, i.e. pHmin £inal
solution = 8.3,
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’i IV. Swelling of Graphite
1 i 1o In order to understend the reason for the swelling of activated
‘%ﬁ 7 charcoal, oxperinents were cervied out to determine $he bvehaviour of graphite
and quartz powders.in differen$ solvenss and solutions. Graphite, Kahlbaum
oreparabion,; was used for the experiments aftey being finely grownd in &
smadl elecirically driven agsbe mill epd zieved. The experimznial procedure
was the same es for charcoal. The experimsntel results in gure solvenis sre
given in Pedle Vi
Toble VE
1 gm. graphite & % o2 liguid
- Helght of gxphe B8pec. grav. Moler vol. Viscosity @& -4
Soivend = = aphits
. columa in ma,  of iiquids  of liquids at 20° £
D ator 240 hvs, &t 20° {d) ab 20° 7 7
2
3 Acetic acid 32 1,091 57.2 0.01222 200.7
3 Water 33 Q. 99823 18 .Q 0.0103 3—26 . 9
Cthyl acelabe 2k 0.5005 97.8 0.00k5%6 303.5
Bepzene R 0,879, 88.8 0.006537 214.3
Tolvene T 0.8659 106.3 0.005903 239.6
n-Xylene " 0.86k2 122.8 0.0062 228.h
Carbon Sefvachiorid- 1,5939 96.5 0.00975 70.1
Craphitve 2.28 e = -

Banle YIX 45 giver for purposes of comparison and ceateins the

Sepaviour of the chorcozis in different solvenisS.

Tabie VIX

AcOH }.{20 AcOE% 0686 C?'HS m-Csﬁlo CClh
g i, Cene 3uger 10,5 g.} 26 29 29,5 33 k2 29 39
. 2, Animsli A (0.2 gne} 33 - e bl il - -
o 30 J“.\lfsm&l :‘w.b&uz’: {'—'30'2 m«} y 23 33 @o oom o oo -
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It con be seen in the 32bles that the degree of awcll;t.ng of
choxrcoad ond grophite depinded on the nature of the solvent and also that
in termg of tae intecuniity of the effect on chm*cc;x.o. and graphite' the colvents
can be arranged in an order corresponding to their increasing effect, which
iz a3 follows: Acetic acid 7 water 7~ ethyl acctate ’f benzene = toluene =
xylene {corbon tetrachloride. Grephite only differed from chorcoal in
boving less swelling.

2. After the detexmivation of this relationship, 5t was of importance
to recognize the fectora which force o given mnaas of grephite to settle in
columng of differing heights in differcut liguids. It was £irst considered
that the specifie gravisy, walch detexrmines the emount of the loss of the
powder in relation to 1ts weight, could serve os such o factor. However, in
thic cace the height of the grophite column ond the specific gravity of the
ligquid must be dirccetly rolated quontities, i.c. with an inecrcase of the
spaecific gravity tie heipght of a column of grophite powdor must increase,

It is evident from Table VI that no parallel cxisted between these values,
Rather it wes reversed; 1L caxhon tetrochloride was excluded, then an inverse
ratio was indlcated. Conseguently, the loss In weight of the volume end the
height of the glveu mase of powder ware not deteraining foctors., The height
of the coluim nlgo d3d not dzpend on the. nettling rate of the particles,

a R - 8
The expression rorhiie wone o roosvre of this welocity; but no simple

g
rolation exicied baotween this velve and the column helpht, ns can be seen

Tfrom Tavle VI.

Objection cowld nlro be xalsed $o the corsideration thnt the
inereoce of the voluvr r of tlw grephlte 1o9s took plueces bheenuce of the
penctration of the soivent inbo thn Arderior of the grophite purticles,

since the cryectsl Inttico of grosilia io Lvo-rvicus to erses and liquids,
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The only rewaining assumnption was that the chonge of the povwder volums was
caused by the formation of & liquid layer on the surface of the pulverized
mass and that the thickness of this layer depended onr the pature of the
Yigquid. If the liquid £1Im duilding up on the graphite particles consisted
of & layer of edsorbed liquid molucules, then the height of the powder ian
different liquids would be directly related to the moleculer volumes of
the liquids. However, as Table VI shows, 0o relationship actually existed
between the molecular volumes and the level of the graphite mass.

Therefore it was assumed thet the formaticn of the liquid layer
on the graphite particles was the result of an electricel physicel chemical
force, vhich was directed from the molecules or stoms of the graphite to
the solvent molecules and hence the éurfface of the powder was covered with
& adsorbed-solveted layer. If it vas assumed that & given guontity of
pulverized grophite has & different volume in different liouids on aceount
of surface solvationy then the possibility existed of using the designation
swelling for the described phenomenon, In the degree of swelling there was

a measure of the magnitude of the surfece solvation.

The strong owelling of the gravhite maos in benzepe and its

derivatives was remarkable, This was plsusible since the structure of the

crystalline graphite lattice had the valences ordered in the saxe way as

the benzene nucleus, Consequently in this case a large edsorpbion-solveticn

by affinitive substances on its sitructure wes obielned.

V. Swelling of Quertz and Ferric Hydroxide

L. In order to prove that the surface solvation of graphite was

not an exceptional phenomenon but the general bebaviour of pulverized eolids
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in contact with different solvents end solutions, experiments were cerried
out on the swalling of different insoluble materisls. The experiments on
quertz and ferric hydroxide are described in this section., For the quertz
experinents Quartzv Kahlbaum wes coleined and pulverized. The resulis
obtained in different solvenis ere shown in Teble VIII.

Table VIII

1.2 gm. guartz + 5 ce, licuid
0O yat \cOEL h< e 1
H2 . AcOR AcOEL 07“8 ol CSHlO cc "

[ e

4

Height in xm. 20 26 32 5

H{N)
B4

0

In water and weak acetic acid solutions e strong turbidity occurred
afser shoking which dieappesred after 3-% days. In webter, acetic acid and
ethyl acetate the quertz remeined as e pulverized vhite mass; in carbon
tetrachloride it formed an exrt gellery of ogal-like toses; gallery-like

colours occurred slso in toluene arnd m-Xylene.

24 Ferric hydroxide was prepared by The action of ammonium hydroxide
on ferric chloride and wes freed of emroniwa chloriée by re;cated deceuntetlon
and gsettling. The ferric hydroxide wes considered ready for experimental use

vhen the wash water only showed e slight opalescence witiz silver nitrate.

The ferric hydroxide gel had diffcrent helghits in solublors o sodiun hydroxide

of diffe- % concentrations. Yo very veesk solutions tbe pell telcht went
wioough o meximm end e mindmum end in stronger soluticzs wmintiined &
constant value, Since the peculicr prenomeps vhich were obscrved will ba
described in a special paper, this section will be limited to the bere
establishment of these facts.

”A"‘"'*—--«.q‘
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3. The swelling phencitena of finely divided materials whichk have

been discussed in this znd foregoing scctions depernd on surface solvation,
that is on the accumulation of the solvent on the surface of the matericl
pubmerged in it ueder the influence of an electrical phaysicel chemical
reciprocal force hetween the body of the solvent and thet of the pulverized
materisl. This surface build-up can only be considered a3 the reswlt of

the adsorption of the colvent by the fine gramular phese. The swelling
phenoména of the fine grannler materiels descrived here are cleaxr preof of
solvent adsorption on the surface which hes Leen sssumed by many invesiigators

5

from the works of A.M, Williems” end Vo, Oé'twa.lc‘.é ced which was taken as the

(5) A.M. Willfems, Medd. Nobelimstitut 2, No. 27 (1913).
(6). Vo. Ostwald, Koll.-Zeitschr. 30, 279 (1922).

besis of his thermodynomic investigation of capillary adsory by the wri’c,ers?

(7) P.N. Pawlow, Koll.~Zeitschr. 35, 89 (192k).

Vi. Swelling of Cherccool and Ite Activitvy

i. Az i known different types of chavccozl possess unequal elx-rpbive
capacities towards dissolved substences. Correspondingly the charcoals vwere
differentiated by thelr acbivity. W i%h the small charcoal cssortment thet
vas avellable the reletionship between the sdsorption activity of the
charcoals and their cepabiliby of swelling was investigated. Strong swelling
in pure water characterized the most active types of charcoal., Charccal
swollen in wabter had a larger volume thon g similar weight of chescoel iu eirv,
The mageitude of the swelling wes characterizcd by the masnitude of relative
swellivg. Tf ho was the height of the chorcoal colwrm In & fest tuoe in air

and & the hejght of the seme ireight of charcoal ir the test tube in water,
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then hoho was the reletive swelling, For each type of charcoal the
nagnitude of the relotive swellipg was a constant.

In order to meesure the quantity by the test tube with the chercosl

in it was tapped on an elastic corik sleb until the height of the charccal
column no longex cl'\w.ngcd. The resultent height was recorded as ho' Then
the charcoal mas8 wos spread clovng the side of ¢ e tube and, as desgribed
previously, moistencd with 5 cc. of distilled water. The test tube was
not shoken afterwaxrds to prevent any charcoel particles being lost through
cdhesion to the stopper; the small air bubbles were worked out by tepning
the test tube on the cork slab. The height of the charcoal column k in the
test tube with water was usually observed 'for severel days in oxder tq
determine the constant value. In Table IX the resulis of measureuments on

tvo types of charcozl are given.

Table IX
0.33 gm. charcoal + 5 cc. distilled water
b - by
Type of charcoal h, h ho
1, Animal charcosl Kahlbaum 23.5 35 0,489
2. Cene suger charcoal Kahlbaum 1.5 16 0.103

The relative swelling of the enimal charcecal was larger than
that of the cane sugar charcoall. The animel chapconl elso bhad a larger

adsorptive capacity than the cene sugar charcosl.

2. The swelling curve and the curve of tho epparent adsorption for

charcoals were probably related in the scme way oo the writer's observations

tove indicated for hide and cellulose. In order to corplete the investigation

I

o sroofing test with several acetic acid concentrations wes underteken to

t

1
t




x (

G e “(1
A
.

i e )
- A At 7 w2

i A i e g

\J

. o en oo por

- 16 -

determine the dependence between the megnitude of the epporent adsorption

and the relative swelling in solution. Table X shows the experizental results'
for an acetic acid concentration of N/1.821, This solution was used for
observations both of the swelliné end the adsorption. 0.5 gm. charcoel and
50 cc. solution were used in the adsorption experimesnits end 0.3 gn. charcoal
and 5 cc. solution for the svelling. The stending continued for 40 hours,
The initial and finsl concentrations were titrated with N/5 barium hydroxide
solution. The magnitude of the adsorption is expressed in Table ¥ as the
number of cublc centimcters of barivm hydroxide. The height of the charcozal

in 2ir was indicated by h, end the height of the column in solution by h.

Table X
) h - b, Adsorbed by 1 gm.
se of charcoal h, h B, chareoal from 50 ce.

l. @Grephite, Kehlbaum 7 T O l.2

preparation
2, Cane suger charcoal, 1k k.5 0.036 9.0

Kehlbhaum
3. Animsl chsrcoel, 20 27 0.35 12.2

Kahlbsum
4, Animel charcoal A 35 L3 0.21k 12,2

Table X indicated o parallel between the velue of the relative
swelling and the adsorption value, IExeminstion of Teble X alzo showed that
the height ho in air of equal weighis of different typss of choreoal i3
different, It was assumed thet the quantity ho could bz useld o3 & sure

indicator of the activity of & chorcoal,
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L. Charcoal swells in both pure solvents apd solutions. The
k. SLI :

swelling isotherm in scetic acid solutiors has minimum and maximum voints, |
. N

2. Capability of swelling and adsorption capacity are closely connected.
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